OBJECTIVE: To describe changes in body mass index (BMI) with age over a 25 y period, and to investigate whether those changes differed by birth cohort, gender or education. DESIGN: Six cross-sectional population surveys repeated in eastern Finland every ®fth year between 1972 and 1997. Synthetic birth cohorts were created by dividing subjects into twelve 5 y groups according to birth year. SUBJECTS: Independent random samples from the national population register including men and women aged 25 ± 64 y, the ®nal sample comprising 18 439 men and 19 501 women. The oldest birth cohort included subjects born in 1913 ± 1917 and the youngest were born in 1968 ± 1972. MEASUREMENTS: Weight and height were measured, and data on educational level were collected by a self-administered questionnaire. RESULTS: A BMI increase with age was more prominent in women (4.2 kgam 2 in 25 y) than in men (3.3 kgam 2 in 25 y), and was very similar in all birth cohorts. In men, the BMI increase with age varied across cohorts. Among birth cohorts participating in each survey, the BMI increase over the 25 y period was most prominent (3.9 kgam 2 in 25 y) in men born between 1943 and 1947. Among all birth cohorts, the strongest upward trend (0.2 kgam 2 per year) was observed in men born between 1953 and 1957. CONCLUSIONS: Weight gain with age has remained unchanged in women over the 25 y period, whereas in men, the younger the birth cohort, the more prominent was the BMI increase with age.
Introduction
Relative weight and the prevalence of obesity have been shown to increase with age, at least up to an age of 50 ± 60 y. 1 ± 6 This increase appears to vary by gender such that, in men, the upward trend generally levels off and then declines at a younger age than in women. 7, 8 Upward trends in relative weight and the prevalence of obesity have occurred in af¯uent societies worldwide, including populations in Europe 7,9 ± 11 and elsewhere. 4, 12, 13 Based on successive cross-sectional surveys, the most prominent increases in body mass index (BMI) over time have been found in the youngest 2, 3, 5, 8, 14 and the oldest 5, 8, 14 adults, whereas in some studies, the trends have been generally consistent over all age groups. 4, 6 In all, BMI increases with age and also, according to recent trends, over time among adults of working age. The combined effect of age and time on BMI changes and the prevalence of obesity have, however, rarely been studied. To our knowledge, it is not known whether the BMI increase with age occurs similarly in subjects born in different decades. Thus, these secular trends by age could, at least in part, be due to a cohort effect, ie over time, subjects in older cohorts with lower BMI could have been replaced by heavier younger cohorts.
Weight and height of the adult population in eastern Finland have been monitored every ®fth year since 1972. This study aimed to describe changes in BMI with age among adults in eastern Finland over a 25 y period. A further aim was to investigate whether those changes varied across birth cohorts and educational groups.
Subjects and methods

Participants
Six cross-sectional population surveys have been carried out to assess the levels of cardiovascular risk factors in two provinces, North Karelia and Kuopio, located in eastern Finland. These surveys have been done at 5 y intervals starting in 1972. For each survey, an independent sample was randomly drawn from the population register. In the ®rst two surveys (1972 and 1977) , this sample included 6.6% of the population born between 1913 and 1947. An additional sample of 6.6% of the population born between 1948 and 1952 was drawn only from North Karelia in 1977. In the four later surveys (between 1982 and 1997), the samples included people aged 25 ± 64 y, being strati®ed according to the WHO Monica protocol 15 such that at least 250 subjects of each sex and in each 10 y age group were chosen from each area. Due to a modi®cation to the sampling procedure, the samples in the 1970s were larger compared with later surveys. This modi®cation otherwise had little effect upon the data since the population of 25 to 64-y-olds was equally distributed over each 10 y age group in the 1970s.
The total sample for the six surveys comprised 22 807 men and 22 671 women, of which 18 923 men and 19 929 women responded. After excluding those with missing data on weight or height, the ®nal sample included 18 439 men and 19 501 women. The participation rate varied by year from 70.9% to 86.8% in men, and from 77.4% to 90.3% in women.
Synthetic birth cohorts were created by combining data from the two areas, and dividing subjects into twelve 5 y groups according to their birth year ( Table 1 ). The oldest birth cohort (coded as number one) included subjects born between 1913 and 1917, and the youngest birth cohort (coded as number 12), those born between 1968 and 1972. Subjects born between 1933 and 1947 were followed over a 25 y period.
Measures
The subjects were invited to a local health care centre, where trained staff measured their weight and height. Weight with light clothing and no shoes was measured to an accuracy of 100 g, and height to 0.5 cm. The BMI was calculated as the ratio of weight in kilograms (kg) to height in metres squared (m 2 ). Along with the invitation to the survey, a self-administered questionnaire was sent to the subjects to be completed at home. It included questions on medical history, socio- Table 1 Number of subjects in each birth cohort at six surveys. The total number of participants and the participation rate in each survey are presented at the bottom of the table   Birth cohort  1972  1977  1982  1987  1992  1997  Total   a   Men  1913 ± 1917  608  515  1123  1918 ± 1922  624  519  267  1410  1923 ± 1927  836  713  405  276  2230  1928 ± 1932  803  779  391  332 
Statistical methods
The statistical signi®cance of the associations between BMI and sex, age, birth cohort and year were tested by linear regression analysis, using the generalized linear model (GLM) procedure of the SAS statistical package, 16 with BMI as a dependent variable. These tests were carried out using two models. In the ®rst model, age and either survey year or birth cohort treated as continuous variables were included in the model to examine the main effects of these factors. Based on these models, BMI changes are presented for each 5 y increase in age, 5 y increase in time and 5 y increase in birth year. Then, in the second model, interactions between main effects were investigated by including an interaction term in the model together with the main effects.
Analyses were carried out separately for men and women except when testing if the phenomena were similar in both genders. These tests were done by including sex in addition to the variables described above as an independent variable in the models, and by adding an interaction term sex by the factor of interest, or by the interaction of interest.
To assess the effect of education, the original 12 birth cohorts were reduced to three groups: the ®rst one including subjects born in 1932 or earlier, the second one those born between 1933 and 1952, and the third one those born in 1953 or thereafter. Linear regression analysis was used as described above, using birth cohort (three groups), education level and survey year as explanatory factors.
Results
In men, the mean BMI varied across the 5 y age groups (interaction age and year; P`0.0001) such that the difference between the youngest and oldest age groups was only 1.8 kgam 2 in 1972, but this range more than doubled (3.9 kgam 2 ) over the 25 y period ( Figure 1 , Table 2 ). Simultaneously, in women, this BMI range by age was quite constant, being 6.0 kgam 2 in 1972 and 5.4 kgam 2 in 1997 ( Figure  1 , Table 2 ). The strongest upward trend in BMI occurred among men 50 y of age or older, whereas in women it was found in the youngest age groups. For example, in men 55 ± 59 y of age, a BMI increase of 2.3 kgam 2 was observed between 1972 and 1997, while in women of the same age, a reverse trend was found. In contrast, in the youngest age group (25 ± 29 y), BMI increased only by 0.2 kgam 2 in men and by 0.7 kgam 2 in women over the 25 y period. It should be noted, however, that BMI in the youngest men was at its highest in 1992, whereas in women of the same age, BMI was exceptionally high in 1997.
Although mean BMI increased with age in both genders (Figure 2 ), the BMI change by age varied across birth cohorts in men only (interaction age and birth cohort for men as well as that of sex, age and birth cohort; P`0.0001). 2 ) in men born in 1943 ± 1947. Among all birth cohorts, the strongest upward trend was observed in men born in 1953 ± 1957, the BMI increase being on average 0.2 kgam 2 per year. The BMI increase with age was more prominent in women than in men (interaction sex and age; P`0.0001, Figure 2 ). These upward trends with age did not, however, vary across birth cohorts (interaction age and birth cohort; P 0.13). In birth cohorts followed throughout the 25 y period, a total BMI increase of 3.6 ± 4.8 kgam 2 was observed. The same phenomena described above were also seen while examining the prevalence of obesity by age, birth cohort and survey year ( Table 3 ). The proportion of those with BMI of at least 30 kgam 2 increased with age in both genders. The range in the obesity prevalence by age changed, however, over the years. In men, the prevalence of obesity between the youngest and oldest age groups varied from 4.2 to 15.9% in 1972 and from 4.2 to 32.5% in 1997, whereas in women, these ranges were from 3.6 to 38.8% and from 8.3 to 40.0%, respectively. Among men 50 y of age or older, the prevalence of obesity was less than 20% in the 1970s, reached 20% in the 1980s, and ®nally exceeded 30% in the 1990s. In contrast to men, the prevalence of obesity in women of the same age remained constant over the 25 y period.
In both genders, subjects with the highest education had the lowest BMI (Figure 3) . The mean BMI increased similarly over time in all educational groups among men born in 1933 or later. However, in the oldest birth cohort, the smallest upward trend was found among the men with the highest education (interaction education and year, P 0.01; birth cohort, education and year, P 0.004). In women, the social gradient grew wider in all birth cohorts (interaction education and year; P`0.0001). For example, in those women born in 1933 ± 1952, the mean BMI among women with the highest education was 2.5 kgam 2 lower than among those with the lowest education in 1997.
Discussion
BMI increase with age was more prominent in women than in men. This was observed both by examining different 5 y age groups at each survey and by following different birth cohorts over time. Nevertheless, this difference between men and women declined over the 25 y period since the gradient between age groups widened in men, with the strongest upward trend in BMI observed among the oldest men. Furthermore, the men born in 1933 or later gained more weight with age compared with the older birth cohorts, whereas in women, the BMI increase with age was constant regardless of the birth cohort.
A strength of our study is the unique database available for analyses of changes in BMI associated with both time and birth cohort. These surveys were conducted with a large number of participants over a 25 y period. In spite of a marginal decline over time, the participation rate remained quite high during the survey years. Thus, we can assume that the samples are representative of the overall population in eastern Finland. Furthermore, weight and height were measured by trained staff in a similar way throughout the survey period.
Our ®ndings of the mean BMI and the prevalence of obesity increasing with age are consistent with several other studies. 1 ± 8 However, the differences between age groups in our study seemed to be larger than those observed in many other populations. 1 ± 5,7,8,17 In a Dutch population, for example, the prevalence of obesity was found to increase continuously with age in women from 20 to 59 y of age, while in men it increased up to the age of 50 y and thereafter declined. The maximum prevalence of obesity was 14% in men (aged 50 ± 54 y) and 19% in women (aged 55 ± 59 y). 8 In our study, the prevalence of obesity among those 50 y of age or older was exceptionally high in both genders, being at the same level as in the United States. 6 Despite a declining gradient between genders, the difference between the age groups with the highest and the lowest BMI was still greater in women (5.4 kgam 2 ) than in men (4.2 kgam 2 ) in 1997. Since a one-unit (kgam 2 ) change in BMI corresponds to a weight difference of 2.6 kg for women of average height (160 cm) and 3.0 kg for men of average height (173 cm), the above-mentioned BMI ranges re¯ect a weight change of 14 kg for women and 13 kg for men. In contrast, a BMI change between the ages of 20 and 65 y indicated weight increases of 12 kg for men and only 9 kg for women in a French population. 1 At least as far as we were able to follow the life span of the subjects at working age with our cross-sectional data, older male cohorts have been replaced by heavier younger cohorts. Furthermore, younger cohorts seemed to put on more weight with ageing compared with older cohorts. It should, however, be kept in mind that information on BMI at younger ages of those in the oldest birth cohorts was lacking. Our ®ndings are in agreement with a recent study, in which four cohorts of 50-y-old Swedish men were investigated between 1963 and 1993. A signi®cant increase was observed both in the mean BMI and the prevalence of obesity over this 30 y period. 18 In an Australian study, including subjects of the same age range as in our study, according to the BMI changes over a 9 y period (between 1980 and 1989), participants for the last survey belonged to a heavier population both in men and women. 4 We also found that in men, BMI of the youngest birth cohorts entering each survey for the ®rst time at the age of 25 ± 29 y tended to be somewhat higher than in the youngest cohorts in previous surveys, but in women, such a trend was not observed until the most recent survey. In 1997, BMI of the youngest women was remarkably higher than in previous surveys. This may be due to chance, but an obesity prevalence of 8% already at this age is alarming. A similar prevalence of obesity has been reported in a German population, 5 whereas the rate in the United States exceeds ours. 6 Decreased physical activity, high-fat diets and an inability to adjust for diminished energy requirements have been Secular trends in BMI by birth cohort M Lahti-Koski et al suggested to be the main determinants of increasing BMI in populations. 19 Several changes, typical of af¯uent societies, which in¯uence people's energy balance have also occurred in Finland over the past decades. Indeed, Finland's economic development has taken place quite rapidly, especially in the 1980s. The number of registered cars per thousand inhabitants has more than doubled between the early 1970s and the late 1990s, 20 and time spent watching TV has increased noticeably. 20, 21 Although leisure-time activity has increased among adults, based on health behaviour surveys 22 carried out since 1978, with the advent of mechanized equipment work has generally become less physically demanding. 9 In contrast, dietary habits have improved markedly, 23 with the proportion of energy from fat being only 32 ± 33% in 1997. 24 Considering the progression towards an obesity-promoting society over the past few decades, the gender differences observed in BMI increase with ageing over time are interesting. It can be speculated that the impact of an obesity-promoting society, with a sedentary lifestyle and an imbalance between energy intake and expenditure, may be more prominent for men than for women. In Sweden, however, the in¯uence of the sociocultural environment on BMI was found to be stronger in women than in men during the 1980s. 3 One of the reasons for the gender differences in our population might be that the use of motorized transportation to and from work has become more common among men than women. 22 Based on earlier studies with databases overlapping the one used in our study, energy expenditure when travelling to and from work decreased in both genders, but more so in men than in women, between 1982 and 1997. Energy expenditure at work has also decreased, whereas leisure-time activity has increased. 25, 26 Interestingly, the total physical activity level has declined more in men compared with women. 25 Women's involvement in the work force has a long tradition in Finland since both men and women have had to participate in farm work. In addition, factories have also employed women. 27 Compared with working conditions of the early 1970s, typical jobs for men today are, however, much less physically demanding.
In contrast, no clear differences in trends concerning dietary habits can be detected between men and women. Both energy 25 and fat intake 23 have decreased both in men and women, even after the potential confounding effect of under-reporting has been taken into account. 25, 28 Similarly, the intake of saturated fat derived from milk and fat on bread has been shown to have decreased markedly both in men and women between 1972 and 1992, regardless of the birth year of the subject. 29 Although unclear in most populations, alcohol consumption has also been suggested to be related to higher BMI. 30 Similarly, shown in some studies but not consistently, smoking has been associated with lower body weight, as has smoking cessation with substantial weight gain. 31, 32 In Finland, alcohol consumption has increased over the last few decades, and the number of abstainers has decreased. 22 These trends do not, however, seem to give an explanation for BMI changes, since as alcohol consumption has increased it has become more equally distributed among men and women. Still, men drink most of the alcohol consumed in Finland. 22, 33 Instead, the changes in smoking prevalence, initiation and cessation have been shown to vary by sex in a way that could explain at least a part of the BMI changes. The prevalence of smoking has declined in men, whereas in women it increased until the early 1990s and then levelled off or declined slightly. 34 Based on an earlier study done from the same database as ours, both decreased initiation and increased cessation have contributed to the decrease in smoking prevalence in men. In contrast, in women, the upward trend in smoking prevalence was mostly the result of an increased initiation in younger birth cohorts. 35 One explanation for sex-speci®c trends in weight gain with age by birth cohort observed in our study might be differences in the de®nitions of ideal weight and weightcontrol behaviour between genders. 36 Expectations of attainable body size are strongly shaped by society. Women are often dissatis®ed with their weight, and face a greater pressure to lose weight as compared with men who may describe their weight as being normal unless obviously overweight. 37 In addition, women generally de®ne their ideal weight to be lower than the ideal set by men for themselves. 36, 38 Perceptions of weight status have been shown to vary by education. Women with higher education were more likely to describe themselves as overweight compared with women having lower education. 37 Constant with our ®ndings now and previously, 14 relative weight has been reported to be highest, particularly among women, in the lower socioeconomic groups. 31, 39, 40 Surprisingly, this social gradient varied across the birth cohorts in men only such that the BMI increase over the years was less prominent in men with the highest education only in the oldest birth cohort.
To summarize, in men, increasing BMI both with age and over time is a matter of great concern. This adverse trend, the younger the birth cohort, the higher the BMI, may lead to an expanding prevalence of obesity-related diseases, particularly as the age distribution of the Finnish population changes towards older people. On the other hand, the similar weight gain with age among women from different birth cohorts is a surprising ®nding. The amount of weight gained with ageing in women should, however, be far less than observed. Based on these ®ndings, more effort should be invested in raising men's awareness of negative health effects of being overweight. For women, in turn, the importance of maintaining their ideal weight from early adulthood should be stressed instead of subsequent weight loss. Keeping in mind, however, the high prevalence of obesity in Finland, strategies for reducing weight should also be highlighted. 
